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(54) NON-VOLATILE SEMICONDUCTOR MEMORY AND OPERATION METHOD 

(57)Abstract 

PROBLEM TO BE SOLVED: To reduce the time of for the overall 
write operation cycle, including reading and erasure, and enhance 
affinity with a CMOS process for facilitating realization of a low- 
cost memory hybrid system LSI. 

SOLUTION: The memory has channel-sharing MIS transistors and 
memory transistors, having a gate dielectric film GD1 composed of a 
plurality of laminated dielectrics, including charge-storing means 
dispersed therein. At writing, hot electrons HE generated near the 
boundary of the MIS transistor and the memory transistor are 
injected into the gate dielectric film GD1 from the source S side 
thereof (Fig. 8A). At erasing, hot holes HH1, HH2 generated at the 
drain D side are injected in a distribution region of electrons stored 
in the gate dielectric film GD1 from the drain D side (Fig. 8B). 
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(i> »#&£*B$<2M-fT;*Jfe#£7jrr ®8&0, 07 
(B) tt^SB#©M^T*lfe#£^E]K0^;fc£o * 
10 Tz. 08 (A) i±m%%LfrW){tt7ii-tm, 08 (B) 
?S*lW^*^1-0T-$)5o 

[0 0 4 i]**sM>i9c, 07 (a) t^-r^-SK, 

»®43<fcVy-^SL 1£»P«EET-{££fU 31iRb 
felfyhiBLlC^(Z)IElff, 0iJ;lfcf4. 

15 ira-rso s^bfc^^u^— psimwl i tzm^. 

•tut bV—bUSVfL lCT'a^AlffiiDffiv^ 

(D* =t U V— Ki^MWL 2 , iWaBWVDHr 1/* b 
20 y-Ki^SWL2, •••fcfcOVfc-r?,,, 

[0 0 4 2] 3©#§ii^lfe^T, 0 8 (A) IZtfTZ 

oiz> ##ii^*l*©^ ; eu-b;i'Mi ltr^v^T^i'^ 
'jy-hMG©^^i£T^T-aS«I^A^^So V- 

25 xmm s*> zm&ts ^;i/«-?#v-x t 

>H«ffi4Vt«fct)i£B*$tLT, i!S«#^T-^;i/^ 
-CDJISV^^ haiy^ hD>HE) A^^-fSo 

GD 1 ©«TJg©# hAil*WKBTM^«^-r5^ 
30 Ai3*«i:S/'j3>i:eDJt*^— WS3. 2eViii 

t, » i y- h nnvmG d 1 h ^ y v- 

flfe©tfvh^BL2, -CD^IiP«E* 

4 v i: -r s o vT^-r s s c i: £ «fc o r . 
35 ^—itmg&frWaimx'&Zo 

[0 0 4 3]MC, 07 (B) fcl>jv*-<fc-5fc, S« 

1"So ^?bfctr>y h^BL l{C^©iE«ffi, 0!lx.Jot 
5. ov^gjjnu Ml^t^-h-iMWLii: 

40 AcDf^eDT'ny^Aw^ ma- 5. ov^siin-r 

5. SRLfet.Vi'hy-PiSWLlC^ 

«E<t^)«E«* s '^#v^&«E<£ff^^•rSo *fe> *s 

}?CD^ ^ U 7- KSMWL 2 , •••iJ.t^S^CD-fe l/^ 
45 b 1 7-mSWL2, -ttO Vfc-TSo 

[0 0 4 4] cciS^ftT, 08 (B) Izmir Ho 
t-d^AIE (ft«£E) fc<fc»)tf^M^BLl(c: 

g^snfc h i^-r >«@Doas*saiv^^*tiii:* 
so ^> Ym b >^jv^m.iz j; ?) n*imn?&£. *) mmm. 
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£b>*;i/U nm*Fmamt& (KW>flttftD) fti£ 

mix, *(o&m, *-;u#$s£-*-i>o ^bfc*-;i/ 

fcfc, ^©ill&fi (75|fiii:*t;*) «Hd«L 
frbismzm l y- hiS«£W8IGD l F«gcD«^ h ^ * r 

[0 04 5] ^CD«*T*J±, -fe YV- h S G©EPSD 

*®im-f Z 2>o 128 (B) fc^-fj; 

;i/CDK'J7 h*#SHbb, h*— ;UHH 1 tHH 2 

©<t o izmtez&mi}>t>m i y- hsis^gd i friz 

B#©*>v h^i/^ hn>HE©?£Atfcetc:*>.y b*— ;u 

(Si±-rso 

[0 04 6] ««MbUTJtt, ^-S^,5WBL£*#i;-r 

E9£^-r«fc3£, tvhiBLl, BL2, 
©Kl"f>«E, fci:x.fcfl. 0V£GJia-r£>o 

U7-F8MWL 2'-i3«tt/9NM}^CD-fe l/^ h«7 
-mSWL2-CR^CD^mb^Jh«ffi, fetili 
-0. 3VSgiinU V-^iSLl, SL2, :fcJ;V 
S*6tOV=£9lAat-5o C<D4ttrC« mR£<tl*:-bl>& 
h"7— PfiSWL lfc-fel/* f- h5>S>>l*STaM-> 
■TS«£E, {ttttl. 8~2. 4VSW*U SS#J£ft 
fc* U "7- h'SMWL 1 £ffi5g©IE«£E, & 

i. 8~2. 4v*wim?2>. -n^<t t), ms^t©* 

^EU-fe;i/Ml 1, M2 1, — fc&Wt, §§ji5W*8S£ 

[0 0 4 7] td5T% ■fel/i'hb^V^ST^ 
U h7>^^MTCDbgV^«ffi* s 7^#<igT-rS 

[0 0 4 8] *mi(D£oiZ-£l"!7 b h7>y^ST 
©b#V>til»EEVth(ST)#, fci:x.«0. 5~0. 6V 

MT© b#V>ttSEE Vth(HT)^§ < <£T b^ffi b» 



Avhs|-7b'J ^^fcbTSIfig-rsA^T-ifcSo bfc 

CD b t vMB«Ef&fiw*ii br^tts btt$&©±Rg#$ij$j 
[0049] m%&frvtm. &i&VL®<D* * -t?;u©n; 
ffi i . ovx-(D4mn^)i'M 1 2 , ... -frho)-*? *)—■? 

ttsftfflfct i*Uil^#M7-HiMWLi, SW 
10 L i£-0. 3Vm&lz;U77.l,T^Ztz»b, «J 1 n 
Ai:'jN$A»-pfco c:©Si^©SS«frmbtt»&telMAJiU: 
#j^^;i/©^frffib#£b£>c:i:fci:;S: 
V>„ bfeAS-oT, y-h5100nm©MONOS^ 
h 7 > ^ * M T ic:fcv ^TSI^tB bBS©^ 

-ht£El. 8 VT-©'J — Ft 5 * 7<m£t>gmi> 

3xio« s e c^mmm^x^m^m^ifi 

. [0050]!l?bAi«#iBTMi2))Sitf2. 9nm 
20 ffl^^'J h^V^^MTCr-i'tgMIHi^ 
bfeo ^©*S*> 1 O^m^T-Ob^V^SBEIIco^-O 
— .-I" > ^(narrowing) tt/J%$ < , *§^H1|S 1 0 750 
£StJ£brv^Clfc;bS7};b^fc„ ±§3M*UDSl^ 
«§^x.[HliSl 0 0 7?ISl*T-tt+^b§V^aE 

25 mimm^nr^^t^mm^tzo ^- summit 

1 x 1 0 s I11©t-^»x^ 8 5"C, 1 O^^S 

bfco 

[0 0 5 1] W±*»), y-M10 0nm©MONO 
S m^WftQi* * U h 5 > y ^ ^ i: bT+7>*#^*W 
30 ^*VTV^SClfc*SS*»«).SC:i:4ST5fe«, 
[00 5 21 %2|g?69K%* 
E 1 0 tr^ 2 HJ£fl£!!glc^.5 ^ ij -tz;i/7* i/W 

El lie, U-fe^V-f ©^[rIcd 

35 [00 53] 01 Ofc^-r^U-fe^T'WBu 02© 

v»s 0 ifctfot, ^©2-fe;i/-east, if*©v— x 

«|SL©iigfi!)t2p©-fel^^ h h^>^^ST3bsgg^ 
40 2tU ^©^n^no^flJt^^eU h7>^X^MT*s 
iHB^^^•rv^So -fel^ h h7>^STCKH> 

»J h7>^X^MT©Kl"f >#jEftS"r*try hi^BL 
1 £fcttBL2fcg$g;**tT^5o 
45 [00 54] ^©^'J-fe^TWr-tt, l^-ffCJS 

G) A s ff2j|Sj{CftV'».?< c & ij <7 — frggMWL i tZWffi&gfl 
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[0 0 5 5] 3CD2?iJCD^ ; EU-fe;bSP*5, ^V-fe^T" 
VJ±{&X'ttm!)Mt!t\2>Z.tlziz?> < , 23?iJ©;^ U-fe 
;i/PI§I±tt, m«LOCOS*fcttbV>?-^#gS 
/■^©gfimikS-fSS® ISOlti *)tmft&tSi\T^ 

tt, FGSCiMtS, i.*i9>5Hi-CRSJ:il:71/ 

[0 0 5 6] El 1H43V>T> StgSUBrtCDSMIlc: 

iRjtftvN^^ h 4 s t i irbtezmmfoftm 

I I SOI A^J5K$nTVN5o 2 TD©g&»f&9-f&UI I s 

0 1 fcfifc* tlfc *:c;HWW:, 3 #© n* ^M^^A* 
nmff^M I S 0 1 hWfrtz* Y=?<< zrvtizM&LZti 

tv^o ^®^ffiycz)2*{±iis^isiai so ltBfge 

1, BL2C&£*tfc*£i©n' TOftMWKtiU 

[0 0 5 7] JWV-**SLffl»*lSpfm©pffl*3i 

*>mm»»mmi so 2immtftix^ 0 

[0 0 5 8] -feu* h-T-b S G:fc<fcI^§»fc9-6iJI I 

so2©^fi!i©«iffi-en^tv{^ c^-cii^ 

1 y- h§8«*l8IGD 1 £rt-:£3*;fe^T*#»41M 
YV*—)\'ti>ibl3LZ>Umm.C'Ll, CL2#J&fiS£ftT 

ftfiTOCL 1 , CL2li^€'Jh7>^MT 

mUClaU^ -trV* W-hSGtVv MSSlBL 1 £ 

tzm i v- vmmimG-D i £fcfcA,T-*f<isi-&o mm 

$iJ^CL2tt > -trl^ b^-hSGttT^ M&B 
L2t©P^©pM*^;wSt®S«i£fc:*ru ®^§*?f£;>j 

iy-M§*#jgiGD i %®A,x-*tm-rzo 
[0059] m-ffartzMzm-r&muiemmv- h s 

GHU fi^ft£:^J^IE$a^£&57-mWL 1, ' 
WL2, v©Hlx^#«4^^S^bTgg^$n 

7-k»wli, wl2, -i±, c©sfa^ 

[0 0 6 0] CiD^t'JtMi, V— ^^2-^©^* 

•fe;nt-r x#g§ l H»®<t *) ETimz *u 8j 7 f • 

(=3. 5FX2F) ©-b;i/®«#H^$n-CV^So 
[006 1] fcii, #^^U-fe;i/©K®«J§g«:tt05 



Sg2>7*-^«£NBIGD 1, GD2©*«sM3J;tre©Jfc 
J5£^4)^lHJSJgSli:|SIU-T-$>So a#6<]& 
^**'<fcr^S^aib©iW^i^ll©iS^S§i: 

05 So 

[0 0 6 2] Sg2Sl£^<g£;}3^-C*K K§lf£&©fcS§i: 

i:*^ iTJ^^mb^tr*&ii^iW^©^ 
io Z)^m*Y-*)vx&<x%zh^omtk&3bz>* * 

, fc> ^^*;i/ff*SBK:MISMh7>yx^STi^8 
£*U -€-©MI S^b7>^^ST©L§V%fii«EV 
th(ST)#, fci:;U£0. 5~0. 6VC?fe^jit 
V^„ 3©fc», ^l*S©&^fc|Bl«C, ^t'H7> 

mi smv^yisxf&mM 1 ) k vft^xtim 

[00 6 3]M3^SM^ 
20 0 1 2{C^3i©6fl5<?gfc£$&p< ; e U-trJl/TW©^®® 

ii 4cii 3©b-b* ^i&^fe6&fafiyi)»e»m 

[0 0 6 4] ^©^tUt^ri/^Tfc K*MW*£ 

MBL lfC-feV^b h-7>i?^^S 1 ISr^-bTIlJt:^ 
hi^SBL l&WMZiX, Sty h«aMBL2kHrl^^ 
h h7>y^S2 l*^bTiiJtf^ hi^SBL2i^ 
30 i^^^^-CV^So ^MSLlKT-bV^hh 
5 S 1 2 fc^bTIUV— ^iSS SL 1 

£V- ^MSL2tC-felx^ h Y=7>V**S 2 2 
S^UTIIJV-^S S L 2 #g$S£:ixTV^o 
[0 0 6 5] gijtr^ bi^SBL 1 fcliJV— ^iSSSLl 

35 t&miz, xyvvhy-bmmo***) v^yv** 

MT 1 1~MT 1 n (tztfUZ. n= 1 2 8) ifimm 

40 'J h?>VX^ i:, 2o©-bl^^ h (SI 
lfcS12 v Xfi, S2 1J:S22) i:JC«t?), ^^EU 

[.0 0 6 6]7- K#fpJ{C|§¥gE-r 5^ t'Jf? >i>X* 
MT 1 1 , MT 2 1 , -©#^- hWV- t-WL 1 C 

45 S^£*VCV>5„ |Si«l^ ^^'J h7>^MTl 
2, MT2 2, •••©#-y-h*S'7-K^WL2tCg^$ 
JX^ ^€Uh7>^MTln, MT 2 n, ••• 

©^-^A s '7-K^WLn{Cg^?^^•CV^S 0 y-K 
:£|fi]CBSgrr5-trV* h b^>^^^S 1 1, — tegj* 

50 y-h^SG 1 ltci>)$ijffll$^ -fel'^ h h7>^ 
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*S2 1, -ttafty-MS§tSG2 1 ft 

*S12, -ttWMr— b»SG 1 2tz&*)#mZtU 
•bb^hh^>^^S2 2, -tt®^y-bi®SG2 
2(cj:»)fi«nSo 

[00 6 7] dO^U-feJl'TWT-tt, h 1 4 c^-r 
<fc"5K, S U B ©SI t p ^x;bW«$ 

») T^tElS *i&»mtt&-MUB I s 

ot<t!), ?-K#ft£*g^9-Bf;*ft-tVASo 

coo 6 8] mmtfmmi scnz&*)$-mzixfc&v> 
m&mt&pwmjsfammx; m^mm^^tz^ff^ 

>)> BJbr-y M&SBL1, SBL2 SBLtS 
13) *±VSJV— 1, SSL 2 (JMT> SS 
Lh*fa) fiq&asftTVkS. Mgy MKSBL4sJ:V 

KMWL 1 , WL2, WL 3 , WL 4 , — (felT, WL 
fc«t!B) jWSWIHCiJBlSftT^s. cft&©?-M* 

<Dmmtm*ift- ut p **;i/wj^ i 

SO±Cg!L-tV>i;i>o pjtv hiSBLilV- XliS 
SLtora©p^;i/W6Dgp^-i:> ft*7— MtWLfce 

£M3s#am tn7>^ ©?• +• *}Wf&m®, t & 
t) , *<o?-\* fwimmzm- %> m tf * h sass^a* k 

[0 0 6 9] >7-Ki^WL©±®*5J;Viaiatt, 

gWfctt, Sf^HPST-iijh:^ h^SBLtjl-rstrv h 

hSCfc#JfJfi£;*ftT^5. dfte,©:3>**b 
bc, SCIt &i:x.fc£, tr>y b#|pj©*^u b^>^ 
2 sis^tciaw^ft-cv^o &n»± 

tyh3>^^hBC±tgtttS±t-/hSMB 
LI, MB L 2 , ••- (JiCF> MB L i:|g|3) i: N 
3>.^^hS C±{Cg$4-r££V— *i&M S L 1 , MS 
L2, •» (JilTV MSLfc^fB) #£Sfc:, W^h^ 
-f ^CJfcfi&^ftT^S. - 
[oo 7 0] c©^ ; E';-b;i/7'U"rii, KvUftfeiv 
v-^StfPBBfti^ft, y^u-b-M/rfcfcbrv 
* hBC*iVV- *3>** b SC£Jgj£-f 

»bSC(i, fci;;L«i 2 SOc^v-feJi/rtCKW- 



fc^y^^K b^Bgn-rSo 
[007 1] IiJlfv bfil^ J:VVJV— ^IRft^ttttWK 

05 R'hlfStlFT-fTofcSi^ 8F' tifiv^NmC/J^VN-b 

**P££fcTy MMBL 1 SfcttMBL2*>f>t0?)tlS 
10 -Tfcto, h*a©£fi#SL<{Sa&;*ft iSaYb, 

* S 1 2 ifettS2 2 ©fl&g-e, PJV-Xij§|SiV-X 
M&S^5j&fb©fc«>tc:fcjU 5'J ^ hi^SBL43«kVgiJV 

is -xm. s s l & ^> u b- 9 o»t r^wmfamxm. 

J&U £tfy bij&MBL:}3£V£y— ^MSL^i' 
[0072] jrf^U b7>i?^^c?)ff^lRl© 

20 k i/-f >^»*mwwd fcgiv— *m&iz.-rv— xm&s 

[0 0 7 3] ft*;«facH±ci±, ^1^-h 

mmimGi) i*fctt»2y-hss«<«KGD2^^L 

25 Tp<^'J h7>^^®y-b«B| (9-FiWL) ^ 

fef), ^2^-bg|»«KGD2tt^fflCDMT-$.>)^ « 
^S^fg^jSW L^ev^ 0 Sf§ l bSimKGD 1 1±,. 

30 J* >mmB±<D&#frbT**)W}&%mcH±<D 
^2^-bgi«i*^GD2^fig^n^5o iiy- 

hSIft^GD 1 43<tV» 2 y- bgS«{*;MGD 2 com 
35 mm, *J«fcTmj§^Stt N ^lHJfifl$Sii:|^bT?$>.5o 
[0 0 7 4] 7-K«lWLIt -JKfC, plSfelinl 

* ti k - r k ^^n^^ h &ms&&m i/ u 

H3»y-b»±0. 13/zmWT, fe^SlOOnm 

[0 0 7 5] CI©;rf^U-fe^TU^©^£;fcVvrfc^ 

SO*5«tUtp^^;bW^JgfiRbfc^^ ffltTyhi^SB 
50 L (HW-OMSD) 43«tVSJV-^SSL (V-^ 
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[00 7 6] oft, p <^;uw±t?g i y- hsim 

l>7*-M§1i«BIGD lfcffiM-rSo -CDmi^-hSI 
««8IGD l£^*->^>^-f S„ -tl3it>%, my 
->tf§»frjg|GDl£, KW >*MD4>JM*ftdt*£ 
SftfHtt USB) K?§bT, flfecD^ (^M^e'J 
35) fl^*1-So ^LT, C©aSiy-M§B&j8IGD 

IGD2*Mn„ fc:fc\ ±faSf£iy-M8««8IG 

d i ©jKfigT-tt, * h asi«^b t m tmmmmc 

HSi:*-effV\ CCD^2y-biS»{«SGD 2<D®M. 
ftMG D 1 ©RfcfeXg£;fcV%T, ^ ij b * 7m 

[0 0 7 7] 7-mWLfc&3#»3li;;*:7-te>.y bjg 

it* ttwm £<Dffiam*mmzi*. z.v>mmm*- 
m&m i y- h g§*#etG d i a £ 2 y- v mm#. 

MGD2*>Rf?*-rSo S^WCs iHC^^'JWV 
fcJ:t)aai-rS KW >M«6D (MIfyhlftSBL) « 

£tFv>— xttMS (iijy-xi^ssL) ±£, 

bB C*i<tW-xn>^^ b S CfcJfJfi&irSo 

HSei&K±fcit:^ btftMBL«£lF£V--;i«lMSL 
[0078] B120-fel/^!< b^>^X*S 1 1~S 

[0 0 7 9] fc« U ^7"J 

C*V>TfclU ft 1 y- hSSSfWKGD 1 jWBfifc«**vfc K 

w>«©**y»fc, ^2y-hsia(«aGD2*^ 



05 Siifl58§<Z>* * U Hr;Koy- b flljgttlfg 1 fU£J&&&<fc ffi 
[0 0 8 0] jB33a»BMC*V»Tfe, S£ lfCKSfclli:. 

[- 0 0 8 1 ] M 1 ~JR 3 mEffigflTCCT L&Wfflt^7 
15 T**«B83WWi*e*S. U±CE»W'l~ik3MK 

20 ^TC3gfflT-§2)« 
[00 82] 

(*J;ffl»»ffl b) *dtt«*a*BM^©*W ^;w«IB 

30 tt**J^*4. *©tg*fcUT, >^^«»«<B«Tf 
$x ®*8NVM (Non-VolatileMemory ) i: UT> {S3 

[00 83] *#mtz8 l &^wmL*mfii**:vmm. 
35 a«i«**uTv>«. *fc, wffiwm^&ifimmhzti 

CM0S7'D-fexi:<Z)^|qtt^< > ffljaxh©.^ 
* USfKi/^AL S I i: UT3l^^aT*$)5o 
40 [Effi©ffi#5&l5iB^] 

[0 1 ] *»W©||»©gJ!Uc»S^»«tt^^ 

[E2 ] l«MBe»C«a»(ilV-^ttNO 

45 [03] *^©^l||^©gSI{c^s^^'J-b;^TH , 
©IP&qzgia-e&So 

[BI4] *«W©^l^a©BS8K:»e), 03ODA-A' 

[0 5 ] i mm&m£&&* =e «j -b;b©ff* 

50 ftvwmmm-z&z,. 
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[06] *^©^l|©(S^g§K43^T> y^EU^Hd 
[07] (A) Ji^WC^l^Sffi^SHc^s^^U-b 
(B) tt^*^©yW7'^lfe^*^-ri38&0T-$.5. 05 

[08] (a) attm<Dmimimmif*&**v-k 
jvtvj <Dm%&frm¥*^tm, (b) \*.m&§m* 

[09] *»W©SSlSaB^»C«S^ J EU-b;U7*W 

[010] *m}<Dm2mB®mizm5* : £v±)\'-7i> 

-i CD^<ffi@S&0-e$)5o 

[011] «BWffl*2Sdl0g«IK:«Sj< J EU-fe^Tl/ 
-f©> fr^[Rl©»f®ffliJipe,MfeJ^lie0T-*>So 

[012] *m*<Dm3mMm£:m?>**:v*)\'7i' 15 

[013] *»BB«)l(S3St«W5»c«*y*u-b-n/rv 



■4 ©¥®0T-&5o 

[H14] *»B8©»3SaBBIBfc«»), 013CDB- 

b' i^(c^ofc»ffflfiafr?>mfeaai!(0T-*So 

[015] *^6W©^2SUfg^S8lC^Sp{^iJ 
* * off #ft©Sfc*;»rH0T*& S . 

[^©i&nin 

MCA-^t'JWlz-f, RC—D»>^|fflI|5lli& («BE 
ftttGIB) , CC-*^A$iJ®1hIK («Ettl&lHlS&) , 

ps-ti («ffgy&®B&) „ mi 

fig) , SLlf-V-m BLlf-t>Hft MW 
Ll«"^t"J7-K« (»7-Ki^) , SWLl^-H: 
v ^ h r7_ FiSg> CLKS-HBHBH, QDl-»iy- 
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[03] 



3L1 ISO BL2 




MWL3 



Z3— MWU 



SWU 



I sc 



[05] 



SG(SWLQ 



CH 
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V V A 



-SUB 



[06] 



GD2— 








S t x 





SL1 



-TOP] SWL1- 



-SUB 



■st S51 «r' 



swu- 

MW12- 



CH 



[137] 

(A) 

BL1SL2 



-nrv- -fw 

ST WT ST 2= MT 



5 



M21 
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-18V 
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